THE EFFECTS OF SPECIFIC CONDUCTANCE OF WATER ON THE BENTHIC MACROINVERTEBRATE COMMUNITY DOWNSTREAM OF COAL MINING ACTIVITIES

R.R. Maggard

ABSTRACT
Regulatory agencies have been attempting to connect moderate (500 µs/cm) to high (>1000 µs/cm) specific conductance to the impairment of benthic macroinvertebrate communities and in turn to the impairment of receiving streams in regard to narrative water quality standards.   The focus of these agencies has been to place the blame for these issues on Mountaintop Coal Mining and the associated construction of valley fills.  Numerous studies have been issued from various regulatory agencies that employ a multitude of statistics and present various charts and tables, and yet lack the very detailed information in regard to actual land use activities needed in order to draw accurate and objective conclusions.  A study conducted in southern West Virginia in four adjacent watersheds resulted in data conflicting with that of Pond et al. (2008).  Specific conductivity was unrelated to the benthic macroinvertebrate communities present downstream of varying types of mine water discharge.  Streams receiving mine water discharge yielded greater benthic community populations and diversity in comparison to the control stream receiving no mine water discharge.
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INTRODUCTION
The most recent study to present the arguments in regard to benthic impairment related to specific conductance and its relationship to mining activities was Pond et al. (2008).  As presented in the Pond et al. report, mining impacts were categorized into three levels of disturbance as determined by specific conductance (Low <500 µs/cm, Medium 500-1000 µs/cm, High >1000 µs/cm) and its relationship with SO4.  However, it is stated within the Pond et al. report that “within the mined site data set, we found no evidence that MMI’s (multimetric indices) were significantly correlated with the number of valley fills upstream or distance from the fill (p>0.05), but these indicators appeared to be related to our inexact estimates of the amount of mining in the watershed.”
This author will present data based on exact information in regard to the degree of mining related disturbance in the watershed.  Estimation of mining related disturbance based upon predetermined conductance or sulfate values will not be utilized.

METHODOLOGY
Various past studies have repetitively analyzed the same data with little regard to its accuracy and its correlation to the following: the type of mining, the targeted seam being mined, the size and stage of construction of valley fills, and the reclamation status of the operation.  Little effort has been made to analyze the functional shift that sediment control ponds may cause in the benthic community.
The study sites have been evaluated regarding their land uses that may have contributed to elevated conductivities in order to investigate relationships between land use and conductivity.  This report will present data collected in four (4) adjacent watersheds located in southern West Virginia near the town of Kiahsville in Wayne County:  Big Branch, Tomblin Branch, Vance Branch, and Rocky Branch.  These sites are located on tributaries of Trough Fork and are discussed in greater detail below (refer to FIGURE 1).
Site Descriptions

Big Branch
The Big Branch watershed contains 165 acres and was selected as a study site due to the negligible amount of surface disturbance present throughout the watershed.  Big Branch discharges high conductivity water due to an indiscrete seepage through a 200-foot-wide outcrop barrier as a result of a flooded underground mine.  The underground mine was sealed in 2000 and targeted the 5-Block coal seam.  The Big Branch site allows the evaluation of water chemistry changes in the absence of sediment pond construction, valley fill construction, and other miscellaneous land clearing activities typically associated with mountaintop mining.
Tomblin Branch
The Tomblin Branch watershed contains 295 acres and was selected as a reference site because it receives no discharge from flooded underground mines or from surface mining activity, its location (across the hollow from Big Branch), and the negligible amount of surface disturbance present throughout the watershed.
Rocky Branch
The Rocky Branch watershed contains 129 acres and was selected as a study site because of its similarity to Big Branch.  Rocky Branch contains an underground mine that has flooded and is now sealed.  Seepage on the down-dip outcrop is contributing to the base flow of Rocky Branch.
Vance Branch

The Vance Branch watershed contains 404 acres and was selected as a study site because it contains a typical surface mine with two valley fills and four sediment ponds.  The surface mine has been reclaimed since 2000 and had 275 acres of disturbance.  The surface mine targeted the 5-Block coal seam.
Methods of Investigation

The four sites listed above were evaluated for benthic macroinvertebrates, aquatic habitat, and water chemistry.  A modified EPA Field operations and methods manual for measuring the ecological condition of wadeable streams (EPA/620/R-94/004F) and EPA Rapid bioassessment protocols for use in streams and wadeable rivers (EPA 841-B-99-002) were followed in the collection of the benthic macroinvertebrate specimens, water chemistry, and habitat evaluations.  Measurements for flow, physical water quality, and chemical water quality were collected at each site.  Benthic macroinvertebrate samples were collected, and the physical habitat of each site was evaluated.  To date, five sampling events have been conducted at the Big Branch and the Tomblin Branch sites: Fall 2007, Spring 2008, Summer 2008, Fall 2008, and Winter 2009.  Only two sampling events have been conducted at the Rocky Branch and Vance Branch sites: Fall 2008 and Winter 2009.  The individual methodologies are described below.

Water Chemistry

Because water quality is an important factor in determining the viability of an aquatic habitat, chemical water quality parameters were analyzed multiple times for each site.  The following chemical water quality parameters were analyzed by REI Consultants, Inc.: acidity, alkalinity, total hardness, nitrate/nitrite, chloride, sulfate, Total Suspended Solids (TSS), Total Dissolved Solids (TDS), total phosphorus, dissolved organic carbon, total aluminum, dissolved aluminum, antimony, arsenic, beryllium, cadmium, calcium, chromium, copper, total iron, dissolved iron, lead, total manganese, dissolved manganese, magnesium, mercury, nickel, potassium, selenium, silver, sodium, thallium, and zinc.
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FIGURE 1 – Study watersheds illustrating location of surface mine and flooded underground mines

Physical Water Quality

REI also analyzed physical water quality parameters at each site, including water temperature, Dissolved Oxygen (DO), pH, and conductivity (measured with a Hydrolab( Minisonde multi-parameter probe).  Flow was measured with a Marsh-McBirney( Model 2000 portable flow meter.  Stream widths, depths, and velocities were measured, and the resulting average discharge was reported for each station.
Habitat Assessment

Habitat was assessed by REI Consultants, Inc. and rated on ten parameters in three categories using a modified version of the EPA Rapid bioassessment protocols for use in streams and wadeable rivers (EPA 841-B-99-002) in accordance with the “Programmatic Environmental Impact Statement (A Survey of the Condition of Streams in the Primary Region of Mountain Top Removal/ Valley Fill Coal Mining - March 1999, U.S. EPA, Region III).
Benthic Macroinvertebrate Collectiontc \l2 "Benthic Macroinvertebrate Collection
A modified EPA Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers (EPA 841-B-99-002) was followed in the collection of the benthic macroinvertebrate specimens.  At each station, macroinvertebrate collections were made via a 0.1 m2 Surber sampler and a 0.25 m2 “D-Frame” kick-net sampler.  Both samplers were fitted with a 500-m mesh size net.  Three quantitative replicates samples were collected in a riffle area by Surber sampling.  Four semi-quantitative “D-Frame” kick-net samples were composited from a riffle/run area to equal 1-m2 sampling area.

Samples were placed in 1-liter plastic containers, preserved in 35% formalin, and returned to the laboratory for processing.  Samples were then picked under microscope, and detrital material was discarded only after a second check to insure that no macroinvertebrates had been missed.  All macroinvertebrates were identified to lowest practical taxonomic level and enumerated.

Several benthic macroinvertebrate metrics were then calculated for the station. The WV-SCI score was calculated using the 200 organism method.  The kick sample from each station was spread onto a gridded sieve.  Grids were selected at random and picked under dissecting scopes, until 200 insects (+/- 10%) were obtained.  Those insects were then identified to the lowest practical taxonomic level, and this data was used to calculate the WV-SCI score.  Any remaining grids were then picked to determine the number of insects in the total kick sample.  The insects were then identified and added to the original 200.  The Surber samples were picked completely, and all insects were identified.  These insect counts were then added to those taken from the kick sample in order to obtain the total station abundance.  All metrics, excluding the WV-SCI score, were then calculated from the total station abundance.

Benthic Macroinvertebrate Metricstc \l2 "Benthic Macroinvertebrate Metrics
REI Consultants, Inc. calculated several benthic macroinvertebrate measurements for each of the sampling stations.  Twelve (12) individual metrics were calculated and are as follows:  Taxa richness; Modified Hilsenhoff Biotic Index; Ratio of Scraper and Filtering Collector Functional Feeding Groups; Ratio of Ephemeroptera, Plecoptera, Trichoptera (EPT) and Chironomidae Abundances; Percent Contribution of Mayflies; Percent Contribution of Dominant Family; EPT Index; Ratio of Shredder Functional Feeding Group and Total Number of Individuals Collected; Simpson’s Diversity Index; Shannon-Wiener Diversity Index;  Shannon-Wiener Evenness; and the West Virginia Stream Condition Index (WV-SCI).  
	Range
	Rank
	

	78 to 100
	“Very Good”
	Not Impaired

	68 to 78
	“Good”
	

	60 to 68
	“Gray Zone”
	

	45 to 60
	“Slightly Impaired”
	Impaired

	22 to 45
	“Moderately Impaired”
	

	0 to 22
	“Severely Impaired”
	


These metrics are described in greater detail in Kirk and Johnston 2009
.

RESULTS

Physical Descriptions and Habitat Evaluations
Big Branch

This station is located on Big Branch, an undisturbed tributary of Trough Fork which receives underground mine drainage.  The benthic sampling station is located at approximately 38o 02' 24.9" latitude and 82o 13' 08.1" longitude.  Coarse Particulate Organic Matter (CPOM) was moderate and Large Woody Debris (LWD) has usually been sparse.  This station is located in a forested area, and has a shaded canopy of mixed tree species.  The substrate has been comprised recently of approximately 5% sand, 75% gravel, and 20% cobbles.  This substrate composition would provide sub-optimal to optimal aquatic habitat.  

Physical water quality measurements from the five sampling events are as follows:  stream flow ranged from a very low 0.0525 to a moderate 0.26 ft3/s; water temperature ranged from 0.2 to 18.8°C; pH ranged from near-neutral 7.09 to a somewhat alkaline 7.77; Dissolved Oxygen (DO) ranged from 8.39 to 13.6 mg/1; and conductivity ranged from a moderately high 543 to a high of 1,550 μs (TABLE 1A5).  

This station generally receives marginal to sub-optimal substrate and available cover (primary) ratings, sub-optimal to optimal channel morphology (secondary) ratings, and sub-optimal to optimal riparian and bank structure (tertiary) ratings.  Primary limitations of the habitat at this survey site include: “Epifaunal Substrate and Available Cover”, “Velocity-Depth Regime”, and “Channel Flow Status”.  This station has scored from a 136 to a 156 (mean = 146) out of a possible 200 (TABLE 3A), and would generally provide sub-optimal aquatic habitat.

Tomblin Branch

This station is located on Tomblin Branch, an undisturbed, reference tributary of Trough Fork, which receives no supplemental flow from mining drainages.  The benthic sampling station is located at approximately 38o 02' 39.6" latitude and 82o 13' 28.6" longitude.  Coarse Particulate Organic Matter (CPOM) has usually been moderate, and Large Woody Debris (LWD) has been sparse.  This station is located in a forested area, near a road and a residence, and has a partly-shaded canopy of mixed tree species.  The substrate has been comprised of approximately 5% sand, 54% gravel, 40% cobble, and 1% boulder.  This substrate composition would provide sub-optimal to optimal aquatic habitat.

Physical water quality measurements for the five sampling events are as follows: stream flow ranged from “no-flow” to a moderate 0.441 ft3/s; water temperature ranged from 0.7 to 21.2° C; pH ranged from an acidic 5.93 to a slightly acidic 6.72; Dissolved Oxygen (DO) ranged from a limiting 1.4 during the no-flow event of Fall 2008 to a 14.7  mg/1 in the Winter 2009; and conductivity ranged widely from a very low 49 to a moderate 470 μs (TABLE 1B).

This station generally receives marginal to sub-optimal substrate and available cover (primary) ratings, sub-optimal to optimal channel morphology (secondary) ratings, and poor to sub-optimal riparian and bank structure (tertiary) ratings.  However, during the Fall 2008 sampling event, stream flow was virtually non-existent, and the flow-related parameters such as “Velocity-Depth Regime”, “Channel Flow Status”, and “Frequency of Riffles” suffered considerably.  During the Winter 2009 sampling event, stream flow increased considerably, but some of the variables such as “Embeddedness”, “Bank Vegetation Protection”, and “Riparian Zone Width” still limit this reference site.  This station has scored from a 68 to a 127 (mean = 109) out of a possible 200 (TABLE 3B), and would generally provide marginal to sub-optimal aquatic habitat.  Although this station is a reference site, it is limited some seasons by the available stream flow, and the lack of stream flow precludes some deeper, faster habitat types from occurring within the sampling reach.

Rocky Branch

This station is located on Rocky Branch, an undisturbed tributary of Trough Fork which receives underground mine drainage.  The benthic sampling station is located at approximately 38o 02' 16.2" latitude and 82o 14' 37.3" longitude.  Coarse Particulate Organic Matter (CPOM) has been moderate, and Large Woody Debris (LWD) was recorded lately as being moderate.  This station is located in a forested area, and has a shaded canopy of mixed tree species.  The substrate was recently visually assessed to comprise approximately 15% sand, 15% gravel, 60% cobble, and 10% boulder.  This substrate composition would provide sub-optimal to optimal aquatic habitat, but the amount of sand could become limiting at times.  

Physical water quality measurements from the two seasonal sampling events are as follows:  stream flow has been very low and ranged from 0.018 to 0.079 ft3/s; water temperature ranged from 0.2 during the Winter 2009 to 10.8°C in Fall 2008; pH was slightly alkaline in Fall 2008 with 7.58 to acidic in Winter 2009 with 6.45; Dissolved Oxygen (DO) ranged from 11.8 to 15.4 mg/1; and conductivity ranged from a fairly high 663 in Winter 2009 to a very high 1,650 μs in Fall 2008 (TABLE 1C).  

This station received sub-optimal substrate and available cover (primary) ratings, marginal to optimal channel morphology (secondary) ratings, and marginal to optimal riparian and bank structure (tertiary) ratings.  Primary limitations of the habitat at this survey site have included: “Epifaunal Substrate and Available Cover”, “Embeddedness”, “Channel Flow Status”, and “Bank Vegetation Protection”.  This station scored a 132 in Fall 2008 and a 139 in Winter 2009 out of a possible 200 (TABLE 3C), and would generally provide sub-optimal aquatic habitat.

Vance Branch

This station is located on Vance Branch, a heavily mining-influenced tributary of Trough Fork which contains fills and sediment control structures (ponds), and receives all of its downstream flow through the ponds.  The benthic sampling station is located at approximately 38o 02' 11.0" latitude and 82o 14' 03.1" longitude.  Coarse Particulate Organic Matter (CPOM) has been moderate, and Large Woody Debris (LWD) was recently recorded as moderate.  This station is located in a forested area, and has a shaded canopy of mixed tree species.  The substrate was recorded as being comprised of approximately 1% sand, 19% gravel, 20% cobble, and 60% boulder.  This substrate composition would provide sub-optimal aquatic habitat, due to the very large proportion of boulders, and less than optimal amount of cobbles.  

Physical water quality measurements from the two sampling events are as follows:  stream flow was a moderate 0.268 in Fall 2008 and a desirable 1.331 ft3/s in Winter 2009; water temperature ranged from a 4.1 to 16.8°C; pH was a somewhat alkaline 7.54 to 7.91; Dissolved Oxygen (DO) ranged from 10.2 to 13.1 mg/1; and conductivity was a very high 2,090 to 2,100 μs (TABLE 1C).  Because this site is located downstream from the existing fills and sediment ponds, stream flow is more substantial (and perennial), water temperatures are warmer, and conductivity is higher.

This station has received marginal to sub-optimal substrate and available cover (primary) ratings, marginal to optimal channel morphology (secondary) ratings, and sub-optimal to optimal riparian and bank structure (tertiary) ratings.  Primary limitations of the habitat at this survey site include:  “Epifaunal Substrate and Available Cover”, “Velocity-Depth Regime”, and “Channel Alteration”.  This station scored tightly between a 134 and a 139 out of a possible 200 (TABLE 3D), and would generally provide sub-optimal aquatic habitat.  A lack of deeper pools, somewhat embedded substrate, and the “altered” channel all limit this site, even though stream flow is adequate.

Physical and Chemical Water Quality Analysis
Water quality is a very important factor in determining the viability of the aquatic habitat.  Although stream flow, substrate, and stream geomorphology are also important, water quality can be the most limiting function of a stream ecosystem.  Heinen (1996) and Jenkins et al. (1995) address the ranges of some chemical water quality constituents within West Virginia watersheds.
	Water Quality Parameter
	Range for

 Freshwater Organisms
	Source

	pH
	6 to 9
	Stumm and Morgan 1996

	Acidity
	not available
	

	Alkalinity
	10 to 400 mg/L
	Jenkins et al. 1995

	Calcium
	4 to 160 mg/L
	Heinen 1996

	Chloride
	< 230 mg/L
	CSR 46 WVDEP

	Conductivity
	not available
	

	TDS
	not available
	

	Sulfate
	< 850 mg/L
	Jenkins et al. 1995

	 Iron
	< 1 mg/L
	Jenkins et al. 1995

	Magnesium
	< 28 mg/L
	Heinen 1996

	 Manganese
	< 1.0 mg/L
	Heinen 1996; Jenkins et al. 1995

	Selenium
	< 0.005 mg/L
	US EPA 1986

	Aluminum
	< 0.750 mg/L
	CSR 47 WVDEP

	Hardness
	10 to 400 mg/L
	Heinen 1996


Big Branch

Physical and chemical water quality was analyzed seasonally on Big Branch.  Physical water quality on Big Branch has generally shown adequate stream flow, desirable dissolved oxygen, near-neutral to alkaline pH levels, and moderately-high to highly elevated conductivity (TABLE 1A).  Chemical water quality at this station has revealed some minor acidity, but adequate levels of alkalinity to offset any impacts from the acidity.  Modest levels of TDS, sulfate, and hardness exist, but these are not surprising since the stream obtains underground mine drainage at all times into its stream flow (TABLE 2A).  These levels are well within acceptable ranges for freshwater organisms.  Trace amounts of nitrate/nitrite, iron, manganese, and aluminum persist, but these levels are also well within acceptable ranges.  Magnesium appears to be the only metal constituent which exceeds recommended levels.  Levels of conductivity are considered to be quite high, although recommended criteria have not been established.  The levels of many of the parameters were highest during the Fall 2008 when stream flow was at its lowest level.  This is not surprising, since it would be at this timeframe that the proportion of mine waters to natural stream waters would be at its highest level, and therefore comprise a considerable amount of the flow.  Overall water quality was considered fairly desirable at this station located on Big Branch with the exception of the conductivity, hardness, and magnesium.

Tomblin Branch

Physical and chemical water quality was also analyzed seasonally on Tomblin Branch.  Physical water quality on Tomblin Branch has generally shown adequate dissolved oxygen and low conductivity levels, but because this watershed is relatively undisturbed, stream flows are more “natural” in flow, and are therefore, very low in the summer months, and can become non-flowing within very dry fall seasons (TABLE 1B).  Additionally, when low-flow conditions are present, dissolved oxygen levels can plummet within the few standing puddles of water (TABLE 1B).  Stream pH levels were generally lower than those observed on Big Branch, and were limiting during the Spring 2008 and Winter 2009 sampling events.  Very little alkalinity was present at these two timeframes, and although acidity was low, it exceeded the alkalinity present, resulting in net-acidic waters.  The reason for this is likely due to a recent “flushing” of tannins and acid-bearing materials into the stream from precipitation events.  The winter snow melts and spring rains can flush large amounts of tannic acids into the streams, and those systems with low natural alkalinity are more susceptible to acid problems.  The streams with mining influences such as fills, and especially those with sediment ponds in their headwaters, can also have smoother flow regimes rather than the very sporadic flows of undisturbed headwater streams.  Conductivity in Tomblin Branch is quite low, with the exception of the no-flow event of Fall 2008, where water quality samples were collected from a standing puddle.  Chemical water quality at this station has revealed some minor acidity, but adequate levels of alkalinity (TABLE 2B).  Levels of acidity in Tomblin Branch were higher than those of Big Branch; levels of alkalinity in Tomblin Branch were lower than those of Big Branch.  This results in Tomblin Branch having a considerably lower pH level.  Low levels of hardness, nitrate/nitrite, sulfate, chloride, and almost all metals were observed in Tombin Branch during all sampling events except for the Fall 2008 event.  The no-flow conditions during that sampling season undoubtedly resulted in a concentration of the chemical constituents (TABLE 2B).  Other than the low pH during Spring 2008 (5.93) and the limiting DO level of Fall 2008, most other variables were well within acceptable ranges for freshwater organisms.  Because the water quality of Tomblin Branch is quite desirable for benthic organisms during normal to higher flow levels, it appears that the amount of water present within Tomblin Branch itself may be the most limiting variable. 

Rocky Branch

Physical and chemical water quality has been analyzed only twice on Rocky Branch; during the Fall 2008 and during the Winter 2009.  Physical water quality on Rocky Branch showed some very low, but adequate stream flows, desirable dissolved oxygen, somewhat acidic to somewhat alkaline pH levels, and widely-ranging, but elevated conductivity (TABLE 1C).  Chemical water quality at this station revealed some minor acidity, but an adequate level of alkalinity.  During the Fall 2008 sampling event, the very low flows resulted in fairly high levels of hardness, TDS, sulfate, and magnesium (TABLE 2C), but these are not too surprising since the stream receives some seepage from a 5-Block underground mine that produces acidic water when pumped during active mining.  Almost all metals such as aluminum, iron, manganese, and selenium are quite low, and are well within acceptable ranges for freshwater organisms.  During the higher flows of the Winter 2009 sampling event, most parameters such as hardness, nitrate/nitrite, sulfate, TSS, TDS, aluminum, calcium, manganese, magnesium, and sodium were considerably lower than the Fall 2008 event.  A few parameters such as iron, selenium, chloride, and DOC were very similar between the two events.  The combination of a few parameters at or just above limiting levels such as hardness, sulfate, TDS, conductivity, and magnesium may be limiting however to the aquatic fauna of Rocky Branch when flows are drastically low.  Overall, water quality was considered much more desirable during the Winter 2009 at Rocky Branch compared to the Fall 2008.  The increased proportion of natural waters to mine waters helps in diluting some of the elevated levels of potentially limiting constituents.

Vance Branch

Physical and chemical water quality has been analyzed only twice on Vance Branch; during the Fall 2008 and the Winter 2009 sampling events.  Physical water quality on Vance Branch had showed an adequate to desirable stream flow, desirable dissolved oxygen levels, somewhat alkaline pH levels, and highly elevated conductivity levels (TABLE 1C).  Chemical water quality at this station revealed little to some acidity, and adequate levels of alkalinity.  High levels of hardness, TDS, sulfate, and magnesium existed during both the Fall 2008 and the Winter 2009 sampling events (TABLE 2C).  These elevated levels are due to surface mining in the 5-Block coal seam, and the mine waters are actively being treated for iron and manganese.  Almost all metals such as aluminum, iron, lead, zinc, and selenium are quite low, and are well within acceptable ranges for freshwater organisms.  There was a high level of manganese during the Winter 2009 sampling event, but this was not observed during the Fall 2008 event.  The combination of a few parameters at, or just above limiting levels such as hardness, sulfate, TDS, conductivity, and magnesium may be limiting to the aquatic fauna of Vance Branch.  Overall, water quality was considered somewhat undesirable at this station on Vance Branch due to the elevated levels of a few key constituents.

Benthic Macroinvertebrate Resultstc \l1 "BENTHIC  MACROINVERTEBRATE  RESULTS
Big Branch
Benthic samples were collected at Big Branch in Fall 2007, Spring 2008, Summer 2008, Fall 2008, and Winter 2009.  The total abundance of benthic macroinvertebrates at this site ranged from 470 individuals in Winter 2009 to 2,383 individuals in Fall 2008 representing from 28 to 43 taxa (TABLE 4A).  Benthic communities were fairly well balanced with similar proportions of sensitive, facultative, and tolerant individuals, even during the drought periods of Fall 2008 and mid-Winter 2009.  Wide varieties are large abundances of mayflies, stoneflies, and caddisflies were collected with the exception of mayflies during the Summer and Fall 2008 surveys (TABLES 4A & 5A).  It would be during these lower-flow seasons that the proportion of mine waters would be highest compared to the “natural” waters in the stream from precipitation events or groundwater.  The percentages of shredders within the stream at all sampling events was high, and ranged from 20.9% to 61.7% (TABLE 5A).  The WV-SCI as calculated from the 200-bug count sample, was usually quite good, and ranged from 62.8 to 86.4 (TABLE 5A).  The WV-SCI score was even high during the Winter 2009 event with a score of 83.8 (TABLE 5A).  The lower score during the Summer 2008 was not so much a reflection of low flows as it was likely due to a seasonal difference with most of the mayflies emerging from the stream by this timeframe.  Overall, the five separate benthic sampling events on Big Branch resulted in desirable outcomes, even though a large proportion of the streamflow in Big Branch can be attributed to down dip outcrop seepage which consists of high conductivity, high hardness, and at times, elevated levels of magnesium.

Tomblin Branch

Benthic samples were collected at Tomblin Branch in Fall 2007, Spring 2008, Summer 2008, Fall 2008, and Winter 2009.  The total abundance of benthic macroinvertebrates at this site ranged from 187 to 505 individuals representing from 7 to 34 taxa (TABLE 4B).  Benthic communities were facultative/tolerant in Fall 2007; were more sensitive in Spring 2008; and were very tolerant during the Summer 2008 and Fall 2008 surveys (TABLE 4B).  The community was split in Winter 2009 with relatively large proportions of sensitive and tolerant individuals, but not many facultative ones.  With Tomblin Branch being entirely dependent upon precipitation events, low-flow periods such as summer and the drought conditions of Fall 2008 dramatically affect the benthic and fisheries communities inhabiting these streams.  With the Spring 2008 season having the highest flows on Tomblin Branch (TABLE 1B), the stream contained a very sensitive benthic community consisting of a wide variety of taxa.  Total station abundance was low, but the EPT index (number of EPT taxa present) was 17 (TABLE 5B).  The Winter 2009 sample contained flows not much more than during the Summer 2008, and therefore, the resulting number of individuals and WV-SCI were very comparable (TABLES 4B & 5B).  For the Fall 2007, Summer 2008, Fall 2008, and Winter 2009, due to the low and limiting stream flows, mayflies were completely absent, stoneflies were very sparse, and caddisflies were almost non-existent (TABLE 4B).  The percentages of shredders within the stream ranged dramatically from 2.5% during the Fall 2008 to 30.1% during the best flow season of Spring 2008 (TABLE 5B).  The WV-SCI as calculated from the 200-bug count sample, was poor, and the stream would be considered as “impaired” 4 out of the 5 sampling seasons, even though this is an undisturbed reference stream.  During the Spring 2008, when flows were at their highest, the WV-SCI was very desirable with a 91.4 (TABLE 5B).  Overall, four out of the five separate benthic sampling events on Tomblin Branch resulted in poor outcomes, with the stream being undoubtedly very dependent upon streamflow.  Water chemistry was usually desirable, but the low-flows were definitely the limiting factor affecting Tomblin Branch.  No other water chemistry parameter was at levels limiting to sensitive aquatic fauna.

Rocky Branch
Benthic samples were collected, to date, at Rocky Branch only in the Fall 2008 and Winter 2009.  The total abundance of benthic macroinvertebrates at this site has been low with 90 individuals in Winter 2009 to 377 individuals in Fall 2008.  Diversity has been desirable with 20 and 28 taxa, respectively (TABLE 4C).   The benthic community was fairly well balanced in Fall 2008 with similar proportions of sensitive, facultative, and tolerant individuals.  In Winter 2009, the site was actually fairly sensitive.  A modest variety of stoneflies and caddisflies were collected in Fall 2008; mayflies were absent (TABLE 4C).  However, in Winter 2009 when flows were much higher, mayflies were back (13.3%) and the number of EPT taxa increased to 9 of the 20 taxa present (TABLES 4C & 5C).  The percentage of shredders within the stream was high both events with over 30.0%, and the station was considered to be quite diverse given that total station abundance was low.  The WV-SCI as calculated from the 200-bug count sample has not been overly desirable, with scores of 61.5 and 64.8, but these scores are not too poor considering that the first was within a very serious drought, and the second was within the mid-winter.  The Fall 2008 season was influenced heavily by the drought, and water chemistry was limiting.  However, because stream flows were supplemented by outcrop seepage, the stream remained perennial, and the WV-SCI score was actually higher than those of undisturbed reference stream, Tomblin Branch.  Rocky Branch has scored higher than Tomblin Branch during the Fall 2008 and Winter 2009 surveys (TABLES 5B & 5C).  As stated previously, Rocky Branch is limited by water quality parameters such as hardness, sulfate, TDS, conductivity, and magnesium, but maintains perennial flow.  Overall, it will be interesting to see how well Rocky Branch does during other sampling events compared to the reference stream and other mining-influenced streams.

Vance Branch
To date, benthic samples were collected at Vance Branch only in the Fall 2008 and in Winter 2009.  The total abundance of benthic macroinvertebrates at this site has been moderately high with 499 and 467 individuals, respectively.  However, diversity has been considered low with 13 and 12 taxa, respectively (TABLE 4D).  The benthic community was quite facultative in Fall 2008 with 96.6% of the individuals collected being considered facultative.  In Winter 2009 the community shifted towards a less facultative and more tolerant community.  A large number but low variety of caddisflies have been collected; mayflies and stoneflies were absent during both the Fall 2008 and Winter 2009 seasons, with the exception of a single stonefly individual (TABLE 4D).  The percentage of shredders within the stream has been quote low with 3.4 and 4.3%, and diversity indices such as Simpson’s and Shannon-Wiener considered the stream to be poorly diversified (TABLE 5D).  The WV-SCI as calculated from the 200-bug count sample has not been very desirable with scores of 44.2 and 48.8, but again, the Fall 2008 season was within a very substantial drought, and water chemistry was limiting.  Likewise, winter months do not normally produce very healthy benthic communities.  However, as with Rocky Branch, because stream flows at this sampling point are below existing sediment ponds, the stream remains perennial, and the WV-SCI scores were actually higher than those of the undisturbed reference stream, Tomblin Branch.  Tomblin Branch during the same timeframe had a Fall 2008 WV-SCI score of 25.2 and a Winter 2009 WV-SCI score of 33.7 (TABLE 5B), compared to the Vance Branch scores of 44.2 and 48.8 during the same periods (TABLES 5B & 5D).
DISCUSSION

An optimal benthic macroinvertebrate community is characterized by a high relative abundance of pollution sensitive and facultative individuals, high species diversity, and the presence of all functional feeding groups.  The quality of the benthic macroinvertebrate community is dependent on water quality, physical habitat characteristics, riparian vegetation, and amount of human disturbance.  Optimal physical water quality is characterized by good stream flow all year, neutral pH values, and dissolved oxygen levels >5 mg/L.  Good chemical water quality should indicate low levels of total and dissolved metals, low dissolved and suspended solids, and residual buffering capacity.
A substrate containing a large percentage of cobble sized particles, with minimal embeddedness and sediment deposition would provide an optimal physical habitat.  Good bank stability, stream side cover comprising native vegetation, and a riparian buffer zone between the stream and human impacts are necessary to provide appropriate nutrient cycling and minimize erosion.

This study had several interesting observations made:

•  Tomblin Branch, the undisturbed reference stream, rated very healthy during periods when stream flow was adequate (WV-SCI of 91.4), but has rated poorly when its biggest limiting factor (the stream flow) was low (WV-SCI scores of 54.0, 36.9, 25.2, and 33.7).

•  Big Branch, a stream which receives perennial down-dip outcrop seepage, but has no physical mining disturbances, scored fairly well throughout various seasons, and only appeared to lose some of its good WV-SCI rating during the Summer 2008 survey when mayflies would be normally absent.  This site scored well even in mid-Winter 2009 when the site scored an WV-SCI of 83.8.  The desirable results have occurred even though water chemistry variables such as conductivity, TDS, sulfates, and (at times) magnesium, were elevated, and led to the observation that “sometimes mine water is better than little or no water.”

•  Rocky Branch, a perennial stream which also receives some of its flow from outcrop seepage from a separate 5-Block underground mine that produced acidic water when pumped during active mining, scored moderately-well, and contained some mayflies, stoneflies, and caddisflies.  Both Rocky Branch and Big Branch are physically undisturbed watersheds but Rocky Branch has poorer water quality with higher levels of conductivity, magnesium, TDS, and several metals.  Nevertheless, Rocky Branch has had better WV-SCI scores (61.5 and 64.8) during the same timeframe as Tomblin Branch (25.2 and 33.7), and again contributed to the statement that “at times, mine water may be better than little to no water.”

•  Vance Branch, a perennial stream located directly downstream of fills and sediment ponds, and in a heavily surfaced mined watershed, contained a moderate number of individuals, but undoubtedly, the poorer water quality and the disturbances to the watershed have affected this stream noticeably.  Taxa richness is low and mayflies and stoneflies are basically absent.  It is not anticipated that Vance Branch would rate considerably better in the Spring, as water quality and habitat would not greatly improve, but it is notable that Vance Branch (WV-SCI scores of 44.2 and 48.8) scored better than the reference stream, Tomblin Branch (WV-SCI scores of 25.2 and 33.7), during the same timeframe. 

•  A graphical comparison between stream flows and the calculated WV-SCI score did not reveal a good correlation (FIGURE 2).  However, the amount of volumetric flow for one stream may be more beneficial to one stream than another.  For instance, 100 gallons per minute flowing in a 3 feet wide stream may be adequate for fish migration, but not be enough to wet the cobbles on a channel twenty feet wide.  Although Big Branch, Tomblin Branch, Rocky Branch, and Vance Branch were quite similar in size, it is difficult to compare numerical flows between the streams.  Further, differences in water chemistry also played a major role in the WV-SCI scores of each stream; only Tomblin Branch with its very desirable water chemistry, was limited by the amount (or lack thereof) of stream flow.
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FIGURE 2.  Chart showing relationship of streamflow to WV-SCI score for Big Branch, Tomblin Branch, Rocky Branch, and Vance Branch.  All sampling dates shown.  REI Consultants, Inc.

CONCLUSIONS

A comparison of the data presented in this study to that of the data presented by Pond et al. (2008) raises several questions.  These questions are discussed below.

Question 1:
Big Branch exhibits high specific conductivity with no mountaintop mining or valley fill construction.  However, Big Branch continued to have a Mayfly community.  Is it possible that the reductions in Mayflies observed by Pond et al. (2008) are not attributed to high conductivity but the effects of sediment ponds or changes in vegetation?  If this is so, sediment ponds and vegetation shifts are temporary effects of surface mining that are more easily remediated if deemed necessary.
Question 2:
Briefly reviewing the data collected from Vance Branch a dramatic increase of filter feeders can be seen.  Filter feeders would be the expected benthic community present immediately downstream of an impounding structure such as a sediment pond.  Are large populations of Mayflies expected to be found below such structures?

In light of this information, the author recommends that the regulatory agencies reconsider the issue of biological impairment and the methods currently utilized to measure its severity.  Improving the quality of aquatic resources requires a close examination of success stories-as well as alleged failures-and the collaboration of all agencies and individuals involved.
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TABLE 1A.  Seasonal physical water quality for Big Branch.  Argus Energy-WV, LLC.

	PARAMETER
	Big Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	
	
	
	
	
	

	Flow (ft3/s)
	0.140
	0.227
	0.26
	0.0525
	0.102

	Temperature (ºC)
	12.2
	4.6
	18.8
	10.5
	0.2

	DO (mg/l)
	9.30
	13.6
	8.39
	11.2
	15.5

	pH (SU units)
	7.69
	7.09
	7.77
	7.74
	7.13

	Conductivity (µs)
	955
	543
	1,196
	1,550
	1,114

	
	
	
	
	
	


TABLE 1B.  Seasonal physical water quality for Tomblin Branch.  Argus Energy-WV, LLC.

	PARAMETER
	Tomblin Branch
	

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	
	
	
	
	
	

	Flow (ft3/s)
	0.038
	0.441
	0.11
	None
	0.129

	Temperature (ºC)
	12.8
	5.0
	21.2
	10.3
	0.7

	DO (mg/l)
	9.30
	13.0
	6.87
	1.4
	14.7

	pH (SU units)
	6.47
	5.93
	6.39
	6.72
	6.20

	Conductivity (µs)
	102
	49
	49
	470
	122

	
	
	
	
	
	


TABLE 1C.  Seasonal physical water quality for Rocky Branch.  Argus Energy-WV, LLC.

	PARAMETER
	Rocky Branch

	
	
	Fall 2008
	Winter 2009
	

	
	
	
	
	

	Flow (ft3/s)
	
	0.018
	0.079
	

	Temperature (ºC)
	
	10.8
	0.2
	

	DO (mg/l)
	
	11.8
	15.4
	

	pH (SU units)
	
	7.58
	6.45
	

	Conductivity (µs)
	
	1,650
	663
	

	
	
	
	
	


TABLE 1D.  Seasonal physical water quality for Vance Branch.  Argus Energy-WV, LLC.

	PARAMETER
	Vance Branch

	
	
	Fall 2008
	Winter 2009
	

	
	
	
	
	

	Flow (ft3/s)
	
	0.268
	1.331
	

	Temperature (ºC)
	
	16.8
	4.1
	

	DO (mg/l)
	
	10.2
	13.1
	

	pH (SU units)
	
	7.91
	7.54
	

	Conductivity (µs)
	
	2,100
	2,090
	

	
	
	
	
	


TABLE 2A.  Seasonal chemical water quality for Big Branch.  Argus Energy-WV, LLC. 

	PARAMETER
	Big Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Acidity (mg/l)
	5.4
	6.6
	2.5
	2.2
	6.8

	Alkalinity (mg/l)
	108
	51.6
	166
	181
	129

	Total Hardness (mg/l)
	146
	191
	657
	720
	564

	Nitrate/Nitrite (mg/l)
	0.59
	0.15
	0.46
	< 0.030
	0.41

	Chloride (mg/l)
	3.49
	2.73
	10.0
	5.62
	3.94

	Sulfate (mg/l)
	344
	148
	495
	602
	346

	TSS (mg/l)
	2
	2
	14
	3
	4

	TDS (mg/l)
	591
	279
	486
	971
	722

	Total Phosphorous (mg/l)
	<0.020
	<0.020
	<0.020
	0.03
	0.02

	Diss. Organic Carbon (mg/l)
	4.07
	1.41
	2.14
	1.86
	2.12

	Dissolved Aluminum (mg/l)
	0.151
	<0.0050
	<0.100
	0.355
	<0.0300

	Total Aluminum (mg/l)
	0.154
	0.014
	<0.100
	0.312
	<0.0300

	Antimony (mg/l)
	<0.00040
	<0.00040
	<0.0010
	<0.00040
	<0.00040

	Arsenic (mg/l)
	<0.00200
	<0.00200
	<0.0100
	<0.00200
	<0.00200

	Beryllium (mg/l)
	<0.00020
	<0.00020
	<0.0010
	<0.00020
	<0.00020

	Cadmium (mg/l)
	<0.00020
	<0.00020
	<0.0010
	<0.00020
	<0.00020

	Calcium (mg/l)
	35.90
	48.6
	171
	181
	147

	Chromium (mg/l)
	<0.00100
	<0.00100
	<0.0050
	<0.00100
	<0.00100

	Copper (mg/l)
	0.0017
	0.0032
	<0.0050
	0.0019
	<0.00100

	Dissolved Iron (mg/l)
	<0.0200
	<0.0200
	0.187
	<0.0200
	0.139

	Total Iron (mg/l)
	0.020
	0.047
	0.193
	<0.0200
	0.207

	Lead (mg/l)
	0.0003
	<0.00020
	<0.0010
	<0.00020
	<0.00020

	Diss. Manganese (mg/l)
	0.012
	0.028
	0.081
	0.009
	0.033

	Total Manganese (mg/l)
	0.014
	0.031
	0.082
	0.013
	0.050

	Magnesium (mg/l)
	13.60
	16.90
	55.7
	65.3
	47.9

	Mercury (mg/l)
	<0.00010
	<0.00010
	<0.0010
	<0.00010
	<0.00010

	Nickel (mg/l)
	0.0067
	0.0029
	<0.0100
	0.0053
	0.0035

	Potassium (mg/l)
	3.07
	3.61
	12.1
	14.2
	9.79

	Selenium (mg/l)
	<0.00100
	<0.00100
	<0.0100
	0.0016
	<0.00100

	Silver (mg/l)
	<0.00100
	<0.00100
	<0.0020
	0.0015
	<0.00100

	Sodium (mg/l)
	4.010
	5.48
	18.2
	19.9
	16.5

	Thallium (mg/l)
	<0.00020
	<0.00020
	<0.0010
	<0.00020
	<0.00020

	Zinc (mg/l)
	0.0212
	0.0052
	<0.0100
	<0.00300
	<0.00300


TABLE 2B.  Seasonal chemical water quality for Tomblin Branch.  Argus Energy-WV, LLC. 

	PARAMETER
	Tomblin Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Acidity (mg/l)
	4.0
	1.8
	5.0
	35.5
	3.3

	Alkalinity (mg/l)
	6.5
	4.2
	15.9
	144
	4.0

	Total Hardness (mg/l)
	15.3
	18
	52.9
	83.7
	40.4

	Nitrate/Nitrite (mg/l)
	0.74
	0.05
	0.20
	NA*
	0.21

	Chloride (mg/l)
	1.04
	1.59
	12.1
	24.6
	4.00

	Sulfate (mg/l)
	42.5
	17.2
	29.0
	22.7
	35.2

	TSS (mg/l)
	1
	16
	16
	49
	4

	TDS (mg/l)
	85
	36
	109
	223
	78

	Total Phosphorous (mg/l)
	<0.020
	0.02
	<0.020
	0.04
	0.02

	Diss. Organic Carbon (mg/l)
	5.19
	1.41
	2.67
	13.0
	1.97

	Dissolved Aluminum (mg/l)
	<0.0200
	0.032
	<0.100
	0.242
	<0.0300

	Total Aluminum (mg/l)
	<0.0200
	0.083
	<0.100
	0.388
	0.054

	Antimony (mg/l)
	<0.00040
	<0.00040
	<0.0010
	<0.00040
	<0.00040

	Arsenic (mg/l)
	<0.00200
	<0.00200
	<0.0100
	<0.00200
	<0.00200

	Beryllium (mg/l)
	<0.00020
	<0.00020
	<0.0010
	<0.00020
	<0.00020

	Cadmium (mg/l)
	<0.00020
	<0.00020
	<0.0010
	<0.00020
	<0.00020

	Calcium (mg/l)
	2.95
	3.46
	11.6
	25.3
	8.74

	Chromium (mg/l)
	<0.00100
	<0.00100
	<0.0050
	0.0015
	<0.00100

	Copper (mg/l)
	0.0016
	0.0019
	<0.0050
	0.0068
	<0.00100

	Dissolved Iron (mg/l)
	0.025
	0.04
	0.212
	0.472
	0.020

	Total Iron (mg/l)
	0.035
	0.073
	0.315
	1.45
	0.066

	Lead (mg/l)
	0.0003
	0.0003
	<0.0010
	0.0028
	<0.00020

	Diss. Manganese (mg/l)
	0.006
	0.002
	0.096
	0.720
	0.017

	Total Manganese (mg/l)
	0.006
	0.006
	0.099
	0.759
	0.018

	Magnesium (mg/l)
	1.93
	2.26
	5.79
	5.02
	4.51

	Mercury (mg/l)
	<0.00010
	<0.00010
	<0.0010
	<0.00010
	<0.00010

	Nickel (mg/l)
	0.0034
	0.0025
	<0.0100
	0.0095
	0.0033

	Potassium (mg/l)
	1.20
	0.969
	2.80
	9.54
	1.46

	Selenium (mg/l)
	<0.00100
	<0.00100
	<0.0100
	0.0017
	<0.00100

	Silver (mg/l)
	<0.00100
	<0.00100
	<0.0020
	0.0015
	<0.00100

	Sodium (mg/l)
	0.484
	1.11
	3.93
	47.1
	1.20

	Thallium (mg/l)
	<0.00020
	<0.00020
	<0.00020
	<0.00020
	<0.00020

	Zinc (mg/l)
	0.0153
	0.0105
	0.0124
	0.0240
	0.0080


* NA = Nitrate/Nitrite value not available due to instrument malfunction.

TABLE 2C.  Seasonal chemical water quality for stations located on Rocky Branch.  Argus Energy-WV, LLC. 

	PARAMETER
	Rocky Branch

	
	Fall 2008
	Winter 2009

	Acidity (mg/l)
	3.9
	5.0

	Alkalinity (mg/l)
	79.5
	27.6

	Total Hardness (mg/l)
	778
	287

	Nitrate/Nitrite (mg/l)
	NA*
	0.18

	Chloride (mg/l)
	4.74
	5.06

	Sulfate (mg/l)
	748
	262

	TSS (mg/l)
	17
	3

	TDS (mg/l)
	1,110
	424

	Total Phosphorous (mg/l)
	0.04
	0.02

	Dissolved Organic Carbon (mg/l)
	1.98
	1.94

	Dissolved Aluminum (mg/l)
	0.317
	<0.0300

	Total Aluminum (mg/l)
	0.322
	0.045

	Antimony (mg/l)
	<0.00040
	<0.00040

	Arsenic (mg/l)
	<0.00200
	<0.00200

	Beryllium (mg/l)
	<0.00020
	<0.00020

	Cadmium (mg/l)
	<0.00020
	<0.00020

	Calcium (mg/l)
	185
	69.1

	Chromium (mg/l)
	<0.00100
	<0.00100

	Copper (mg/l)
	0.0021
	<0.00100

	Dissolved Iron (mg/l)
	0.061
	<0.0200

	Total Iron (mg/l)
	0.031
	0.043

	Lead (mg/l)
	<0.00020
	<0.00020

	Dissolved Manganese (mg/l)
	0.068
	0.007

	Total Manganese (mg/l)
	0.041
	0.007

	Magnesium (mg/l)
	76.7
	27.7

	Mercury (mg/l)
	<0.00010
	<0.00010

	Nickel (mg/l)
	0.0070
	0.0032

	Potassium (mg/l)
	11.3
	4.11

	Selenium (mg/l)
	0.0016
	0.0017

	Silver (mg/l)
	0.0015
	<0.00100

	Sodium (mg/l)
	16.8
	7.72

	Thallium (mg/l)
	<0.00020
	<0.00020

	Zinc (mg/l)
	0.0032
	0.0092


* NA = Nitrate/Nitrite value not available due to instrument malfunction.
TABLE 2D.  Seasonal chemical water quality for stations located on Vance Branch.  Argus Energy-WV, LLC. 

	PARAMETER
	Vance Branch

	
	Fall 2008
	Winter 2009

	Acidity (mg/l)
	<1.0
	9.3

	Alkalinity (mg/l)
	51.0
	171

	Total Hardness (mg/l)
	1,020
	1,170

	Nitrate/Nitrite (mg/l)
	0.03
	0.26

	Chloride (mg/l)
	16.8
	10.2

	Sulfate (mg/l)
	1,030
	883

	TSS (mg/l)
	4
	4

	TDS (mg/l)
	1,510
	1,620

	Total Phosphorous (mg/l)
	0.02
	0.03

	Dissolved Organic Carbon (mg/l)
	1.95
	2.04

	Dissolved Aluminum (mg/l)
	0.343
	<0.0300

	Total Aluminum (mg/l)
	0.344
	<0.0300

	Antimony (mg/l)
	<0.00040
	<0.00040

	Arsenic (mg/l)
	<0.00200
	<0.00200

	Beryllium (mg/l)
	<0.00020
	<0.00020

	Cadmium (mg/l)
	<0.00020
	<0.00020

	Calcium (mg/l)
	236
	253

	Chromium (mg/l)
	<0.00100
	<0.00100

	Copper (mg/l)
	0.0027
	<0.00100

	Dissolved Iron (mg/l)
	<0.0200
	0.423

	Total Iron (mg/l)
	0.119
	0.423

	Lead (mg/l)
	<0.00020
	<0.00020

	Dissolved Manganese (mg/l)
	<0.0030
	5.63

	Total Manganese (mg/l)
	0.892
	5.56

	Magnesium (mg/l)
	104
	132

	Mercury (mg/l)
	<0.00010
	<0.00010

	Nickel (mg/l)
	0.0229
	0.0715

	Potassium (mg/l)
	13.3
	13.4

	Selenium (mg/l)
	0.0016
	0.0014

	Silver (mg/l)
	0.0014
	<0.00100

	Sodium (mg/l)
	13.7
	13.6

	Thallium (mg/l)
	<0.00020
	<0.00020

	Zinc (mg/l)
	0.0508
	0.0130


TABLE 3A.  Seasonal high gradient habitat scores for stations located Big Branch.  Argus Energy-WV, LLC., 

	
	Big Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Primary – Substrate and Available Cover
	

	   1. Epifaunal Substrate and Available Cover (0-20)
	

	
	11
	11
	13
	13
	15

	   2. Embeddedness (0-20)
	

	
	14
	10
	17
	13
	14

	   3. Velocity-Depth Regime (0-20)
	

	
	14
	10
	10
	9
	14

	Secondary – Channel Morphology
	

	   4. Sediment Deposition (0-20)
	

	
	15
	12
	16
	17
	17

	   5. Channel Flow Status (0-20)
	

	
	15
	15
	14
	9
	16

	   6. Channel Alteration (0-20)
	

	
	18
	16
	16
	17
	17

	   7. Frequency of Riffles (0-20)
	

	
	14
	16
	16
	15
	14

	Tertiary – Riparian and Bank Structure
	

	   8. Bank Stability (0-10)
	
	

	Left Bank
	6
	5
	7
	8
	8

	Right Bank
	6
	7
	6
	9
	9

	
	
	
	

	   9. Bank Vegetative Protection (0-10)
	

	Left Bank
	7
	8
	8
	6
	6

	Right Bank
	7
	8
	8
	6
	6

	
	
	
	

	   10. Riparian Zone Width (0-10)
	

	Left Bank
	9
	9
	9
	10
	10

	Right Bank
	9
	9
	9
	10
	10

	Total Score
	145
	136
	149
	142
	156

	Note: The scoring for each category
	
	Optimal
	Sub-optimal
	Marginal
	Poor

	Primary 
	
	16-20
	11-15
	6-10
	0-5

	Secondary
	
	16-20
	11-15
	6-10
	0-5

	Tertiary
	
	9-10
	6-8
	3-5
	0-2


TABLE 3B.  Seasonal high gradient habitat scores for stations located Tomblin Branch.  Argus Energy-WV, LLC., 

	
	Tomblin Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Primary – Substrate and Available Cover
	

	   1. Epifaunal Substrate and Available Cover (0-20)
	

	
	12
	11
	13
	7
	14

	   2. Embeddedness (0-20)
	

	
	13
	13
	11
	8
	8

	   3. Velocity-Depth Regime (0-20)
	

	
	10
	10
	10
	2
	13

	Secondary – Channel Morphology
	

	   4. Sediment Deposition (0-20)
	

	
	14
	11
	16
	14
	14

	   5. Channel Flow Status (0-20)
	

	
	15
	16
	15
	1
	13

	   6. Channel Alteration (0-20)
	

	
	18
	15
	16
	11
	11

	   7. Frequency of Riffles (0-20)
	

	
	14
	15
	16
	1
	13

	Tertiary – Riparian and Bank Structure
	

	   8. Bank Stability (0-10)
	
	

	Left Bank
	6
	4
	7
	5
	5

	Right Bank
	6
	7
	7
	5
	5

	
	
	
	

	   9. Bank Vegetative Protection (0-10)
	

	Left Bank
	4
	5
	6
	4
	4

	Right Bank
	4
	5
	6
	4
	4

	
	
	
	

	   10. Riparian Zone Width (0-10)
	

	Left Bank
	5
	2
	2
	3
	3

	Right Bank
	5
	2
	2
	3
	3

	Total Score
	126
	116
	127
	68
	110

	Note: The scoring for each category
	
	Optimal
	Sub-optimal
	Marginal
	Poor

	Primary 
	
	16-20
	11-15
	6-10
	0-5

	Secondary
	
	16-20
	11-15
	6-10
	0-5

	Tertiary
	
	9-10
	6-8
	3-5
	0-2


TABLE 3C.  Seasonal high gradient habitat scores for stations located Rocky Branch.  Argus Energy-WV, LLC., 

	
	Rocky Branch

	
	
	
	Fall 2008
	Winter 2009
	

	Primary – Substrate and Available Cover
	

	   1. Epifaunal Substrate and Available Cover (0-20)
	

	
	
	
	13
	13
	

	   2. Embeddedness (0-20)
	

	
	
	
	13
	13
	

	   3. Velocity-Depth Regime (0-20)
	

	
	
	
	14
	14
	

	Secondary – Channel Morphology
	

	   4. Sediment Deposition (0-20)
	

	
	
	
	14
	14
	

	   5. Channel Flow Status (0-20)
	

	
	
	
	9
	16
	

	   6. Channel Alteration (0-20)
	

	
	
	
	17
	17
	

	   7. Frequency of Riffles (0-20)
	

	
	
	
	14
	14
	

	Tertiary – Riparian and Bank Structure
	

	   8. Bank Stability (0-10)
	
	

	Left Bank
	
	
	7
	7
	

	Right Bank
	
	
	5
	5
	

	
	
	
	

	   9. Bank Vegetative Protection (0-10)
	

	Left Bank
	
	
	4
	4
	

	Right Bank
	
	
	4
	4
	

	
	
	
	

	   10. Riparian Zone Width (0-10)
	

	Left Bank
	
	
	9
	9
	

	Right Bank
	
	
	9
	9
	

	Total Score
	
	
	132
	139
	

	Note: The scoring for each category
	
	Optimal
	Sub-optimal
	Marginal
	Poor

	Primary 
	
	16-20
	11-15
	6-10
	0-5

	Secondary
	
	16-20
	11-15
	6-10
	0-5

	Tertiary
	
	9-10
	6-8
	3-5
	0-2


TABLE 3D.  Seasonal high gradient habitat scores for stations located Vance Branch.  Argus Energy-WV, LLC., 

	
	Vance Branch

	
	
	
	Fall 2008
	Winter 2009
	

	Primary – Substrate and Available Cover
	

	   1. Epifaunal Substrate and Available Cover (0-20)
	

	
	
	
	8
	8
	

	   2. Embeddedness (0-20)
	

	
	
	
	12
	12
	

	   3. Velocity-Depth Regime (0-20)
	

	
	
	
	10
	10
	

	Secondary – Channel Morphology
	

	   4. Sediment Deposition (0-20)
	

	
	
	
	17
	17
	

	   5. Channel Flow Status (0-20)
	

	
	
	
	14
	19
	

	   6. Channel Alteration (0-20)
	

	
	
	
	9
	9
	

	   7. Frequency of Riffles (0-20)
	

	
	
	
	18
	18
	

	Tertiary – Riparian and Bank Structure
	

	   8. Bank Stability (0-10)
	
	

	Left Bank
	
	
	8
	8
	

	Right Bank
	
	
	8
	8
	

	
	
	
	

	   9. Bank Vegetative Protection (0-10)
	

	Left Bank
	
	
	9
	9
	

	Right Bank
	
	
	9
	9
	

	
	
	
	

	   10. Riparian Zone Width (0-10)
	

	Left Bank
	
	
	5
	5
	

	Right Bank
	
	
	7
	7
	

	Total Score
	
	
	134
	139
	

	Note: The scoring for each category
	
	Optimal
	Sub-optimal
	Marginal
	Poor

	Primary 
	
	16-20
	11-15
	6-10
	0-5

	Secondary
	
	16-20
	11-15
	6-10
	0-5

	Tertiary
	
	9-10
	6-8
	3-5
	0-2


TABLE 4A.  Seasonal total abundances and sensitivities for benthic macroinvertebrates collected from Big Branch.  Argus Energy-WV, LLC. 

	TAXON


	Big Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Insecta 
	
	
	
	
	

	Ephemeroptera (Mayflies)
	
	
	
	
	

	  Ameletidae
	
	
	
	
	

	     Ameletus (S)
	14
	6
	
	
	41

	  Baetidae
	
	
	
	
	

	     Acentrella (F)
	
	4
	
	
	

	     Baetis (F)
	
	2
	4
	
	

	  Ephemerellidae
	
	
	
	
	1

	     Ephemerella (S)
	
	1
	
	
	

	     Eurylophella (S)
	5
	
	
	32
	4

	  Heptageniidae
	
	
	
	
	

	     Epeorus (S)
	
	14
	
	
	

	     Stenonema (S)
	
	2
	
	
	

	
	
	
	
	
	

	Plecoptera (Stoneflies)
	
	
	
	
	

	  Capniidae (S)
	431
	
	
	
	

	     Allocapnia (S)
	
	
	
	
	76

	  Chloroperlidae (S)
	3
	
	
	
	

	     Alloperla (S)
	
	84
	
	
	1

	     Utaperla (S)
	
	
	4
	1
	

	  Leuctridae
	
	
	
	
	

	     Leuctra (S)
	
	536
	163
	481
	

	  Nemouridae 
	
	
	
	
	

	     Amphinemura (S)
	
	668
	
	
	

	     Paranemoura (S)
	
	
	211
	
	

	     Prostoia (S)
	
	
	
	513
	

	  Peltoperlidae
	
	
	
	
	

	     Peltoperla (S)
	1
	
	
	
	

	  Perlidae (S)
	
	
	39
	
	14

	     Acroneuria (S)
	88
	6
	
	5
	1

	     Beloneuria (S)
	
	
	
	47
	2

	     Eccoptura (S)
	
	16
	
	4
	

	  Perlodidae (S)
	
	
	
	73
	

	     Clioperla (S)
	
	
	
	
	4

	     Isoperla (S)
	16
	2
	
	
	

	  Taeniopterygidae
	
	
	
	
	

	     Strophopteryx (S)
	
	
	
	
	33

	 
	
	
	
	
	

	Trichoptera (Caddisflies)
	
	
	
	
	

	  Goeridae
	
	
	
	
	

	     Goera (S)
	
	
	
	1
	

	  Hydropsychidae 
	
	
	
	
	

	     Cheumatopsyche (F)
	186
	14
	84
	121
	48

	     Diplectrona (F)
	131
	
	
	
	

	  Hydroptilidae
	
	
	
	
	

	     Hydroptila (F)
	27
	18
	
	
	

	     Ochrotrichia (F)
	
	
	
	1
	

	  Limnephilidae
	
	
	
	
	

	     Hydatophylax (S)
	
	
	
	
	13

	     Pycnopsyche (F)
	
	4
	
	
	

	  Lepidostomatidae (S)
	
	
	
	
	7

	     Lepidostoma (F)
	
	4
	
	
	

	  Philopotamiidae (F)
	
	
	4
	
	

	     Chimarra (F)
	
	
	
	8
	1

	     Wormaldia (S)
	6
	
	
	1
	1

	  Polycentropodidae (T)
	34
	
	
	
	2

	     Cernotina (T)
	
	
	8
	42
	

	     Polycentropus (T)
	
	10
	
	9
	

	  Rhyacophilidae
	
	
	
	
	

	     Rhyacophila (S)
	3
	8
	
	
	5

	  Uenoidae
	
	
	
	
	

	     Neophylax (F)
	
	8
	
	
	1

	
	
	
	
	
	

	Diptera (Trueflies)
	
	
	
	
	

	  Athericidae (T)
	2
	
	
	
	

	  Ceratapogonidae (T)
	22
	
	
	
	1

	     Atrichopogon (T)
	
	
	8
	
	

	    Bezzia/Palpomyia(T)
	
	
	
	14
	

	     Culicoides (T)
	
	
	
	6
	

	  Chaoboridae (T)
	
	4
	
	
	

	  Chironomidae (T)
	520
	390
	657
	285
	146

	  Dixidae
	
	
	
	
	

	     Dixa (S)
	
	
	
	4
	

	  Empididae (T)
	
	11
	
	
	

	     Chelifera (T)
	
	
	4
	
	

	     Clinocera (F)
	
	
	
	16
	

	     Hemerodromia (F)
	
	
	
	12
	

	  Simuliidae
	
	
	
	
	

	     Prosimulium (S)
	
	
	
	
	1

	  Stratiomyidae (T)
	48
	
	
	
	

	  Tabanidae
	
	
	
	
	

	     Chrysops (F)
	
	
	
	4
	

	  Tipulidae
	
	
	
	
	

	     Antocha (F)
	
	4
	
	12
	1

	     Brachypremma (F)
	
	11
	
	
	

	     Dicranota (F)
	
	
	2
	60
	6

	     Hexatoma (F)
	248
	62
	56
	
	

	     Limnohila (F)
	
	
	
	
	4

	     Limnophora (F)
	
	
	122
	
	

	     Molophilus (F)
	
	10
	
	
	

	     Pseudolimnophila(F)
	74
	
	
	183
	

	     Tipula (F)
	15
	
	
	4
	1

	
	
	
	
	
	

	Hemiptera (True bugs)
	
	
	
	
	

	  Veliidae (T)
	
	1
	
	
	

	     Microvelia (T)
	
	
	18
	15
	

	     Rhagovelia (T)
	
	
	4
	
	

	  Gerridae (T)
	
	
	1
	
	

	
	
	
	
	
	

	Odonata (Dragonflies)
	
	
	
	
	

	  Calopterygidae 
	
	
	
	
	

	     Calopteryx (T)
	
	
	21
	8
	

	  Cordulegastridae
	
	
	
	
	

	     Cordulegaster (T)
	
	4
	
	4
	3

	  Gomphidae (S)
	20
	
	58
	
	

	     Lanthus (S)
	25
	20
	
	97
	

	     Stylogomphus (F)
	
	
	
	17
	29

	  Corduliidae (F)
	
	
	12
	
	

	
	
	
	
	
	

	Coleoptera (Beetles)
	
	
	
	
	

	  Dryopidae
	
	
	
	
	

	     Helicus (F)
	
	4
	
	4
	1

	  Elmidae 
	
	
	
	
	

	     Dubiraphia (T)
	
	
	
	
	1

	     Stenelmis (F)
	
	4
	28
	1
	

	     Optioservus (F)
	117
	39
	36
	19
	5

	     Oulimnius (F)
	
	
	27
	119
	5

	  Psephenidae
	
	
	
	
	

	     Ectopria (F)
	49
	1
	30
	47
	9

	     Psephenus (F)
	49
	12
	59
	67
	

	  Ptilodactylidae
	
	
	
	
	

	     Anchytarsus (F)
	
	
	
	4
	

	
	
	
	
	
	

	Megaloptera (Hellgrammites)
	
	
	
	
	

	  Corydalidae 
	
	
	
	
	

	     Corydalus (F)
	
	8
	
	
	

	     Nigronia (F)
	8
	
	6
	6
	1

	
	
	
	
	
	

	Collembola (T) 
	2
	5
	
	3
	

	
	
	
	
	
	

	Annelida (Aquatic Worms)
	
	
	
	
	

	   Oligochaeta (T)
	2
	9
	16
	
	

	     Tubificidae (T)
	
	
	
	25
	1

	
	
	
	
	
	

	Tricladida(Flatworm S)
	5
	
	
	
	

	
	
	
	
	
	

	Decapoda (Crayfish)(T)
	10
	
	
	
	

	  Cambaridae (T)
	
	
	8
	
	

	     Cambarus (F)
	
	
	
	4
	

	     Orconectes (T)
	
	8
	
	
	

	
	
	
	
	
	

	Bivalvia (clams)
	
	
	
	
	

	   Corbiculidae
	
	
	
	
	

	     Corbicula (F)
	
	
	
	4
	

	
	
	
	
	
	

	salamander larvae* (U)
	2
	
	
	
	9

	Total Individuals 
	2,161
	2,014
	1,690
	2,383
	470

	Total Taxa 
	30
	38
	28
	43
	31

	
	
	
	
	
	

	Sensitive Individuals
	611 (28.3%)
	1,364 (67.7%)
	475 (28.1%)
	1487 (62.4%)
	239 (50.9%)

	# Sensitive Taxa 
	10
	12
	5
	15
	17

	
	
	
	
	
	

	Facultative Individuals
	910 (42.1%)
	209 (10.4%)
	470 (27.8%)
	576 (24.2%)
	82 (17.4%)

	# Facultative Taxa
	11
	17
	13
	24
	10

	
	
	
	
	
	

	Tolerant Individuals
	640 (29.6%)
	441 (21.9%)
	745 (44.1%)
	319 (13.4%)
	149 (31.7%)

	# Tolerant Taxa 
	8
	9
	10
	4
	4

	
	
	

	* Not Included in abundance or taxa calculations.  For observation only.

( ) Classification of Pollution Indicator Organisms

(S) = Sensitive  (F) = Facultative   (T) = Tolerant  (U) = Unclassified


TABLE 4B.  Seasonal total abundances and sensitivities for benthic macroinvertebrates collected from Tomblin Branch.  Argus Energy-WV, LLC. 

	TAXON


	Tomblin Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Insecta 
	
	
	
	
	

	Ephemeroptera (Mayflies)
	
	
	
	
	

	  Ameletidae
	
	
	
	
	

	     Ameletus (S)
	
	59
	
	
	

	  Baetidae
	
	
	
	
	

	     Acentrella (F)
	
	1
	
	
	

	     Baetis (F)
	
	3
	
	
	

	     Cloen (F)
	
	7
	
	
	

	  Ephemerellidae
	
	
	
	
	

	     Drunella (S)
	
	5
	
	
	

	     Ephemerella (S)
	
	11
	
	
	

	     Eurylophella (S)
	
	7
	
	
	

	  Heptageniidae
	
	
	
	
	

	     Epeorus (S)
	
	2
	
	
	

	     Stenonema (S)
	
	29
	
	
	

	  Leptophlebiidae
	
	
	
	
	

	     Leptophlebia (S)
	
	4
	
	
	

	
	
	
	
	
	

	Plecoptera (Stoneflies)
	
	
	
	
	

	  Capniidae (S)
	5
	
	
	
	

	  Chloroperlidae (S)
	
	
	
	
	

	     Alloperla (S)
	
	42
	
	
	

	  Leuctridae
	
	
	
	
	

	     Leuctra (S)
	
	29
	3
	4
	16

	  Nemouridae 
	
	
	
	
	

	     Amphinemura (S)
	
	114
	
	
	

	     Paranemoura (S)
	
	
	2
	
	

	  Peltoperlidae
	
	
	
	
	

	     Peltoperla (S)
	
	1
	
	
	

	  Perlidae (S)
	
	
	1
	
	

	  Perlodidae
	
	
	
	
	

	     Isoperla (S)
	
	16
	
	
	

	  Taeniopterygidae
	
	
	
	
	

	     Taeniopteryx (S)
	5
	
	
	
	2

	 
	
	
	
	
	

	Trichoptera (Caddisflies)
	
	
	
	
	

	  Hydropsychidae 
	
	
	
	
	

	     Cheumatopsyche(F)
	4
	
	
	
	

	     Hydropsyche (F)
	
	
	
	
	4

	  Hydroptilidae
	
	
	
	
	

	     Hydroptila (F)
	
	1
	
	
	

	  Lepidostomatidae (S)
	
	
	
	
	2

	  Rhyacophilidae
	
	
	
	
	

	     Rhyacophila (S)
	
	2
	
	
	

	  Uenoidae
	
	
	
	
	

	     Neophylax (F)
	
	6
	
	
	

	
	
	
	
	
	

	Diptera (Trueflies)
	
	
	
	
	

	  Ceratapogonidae (T)
	10
	1
	
	
	

	     Dasyhelea (T)
	
	
	
	
	5

	  Chironomidae (T)
	54
	66
	170
	
	106

	  Empididae (T)
	
	4
	
	
	

	  Ephydridae
	
	
	
	
	

	     Disocerina (F)
	
	
	
	4
	

	  Psychodidae (T)
	6
	
	
	
	

	     Psychoda (T)
	
	
	
	456
	

	  Simuliidae
	
	
	
	
	

	     Prosimulium (S)
	
	
	
	
	48

	  Stratiomyidae (T)
	13
	
	
	
	

	  Syrphnidae (T)
	2
	
	
	
	

	  Tabanidae (T)
	
	1
	
	
	

	     Chrysops (T)
	
	
	4
	
	

	  Tipulidae
	
	
	
	
	

	     Antocha (F)
	2
	2
	
	
	

	     Brachypremma (F)
	
	3
	
	
	

	     Hexatoma (F)
	12
	
	1
	
	

	     Holorusia (F)
	24
	
	
	
	

	     Limnophora (F)
	
	
	4
	
	

	   Pseudolimnophila(F)
	6
	
	
	
	

	     Tipula (F)
	56
	
	1
	
	2

	
	
	
	
	
	

	Hemiptera (True bugs)
	
	
	
	
	

	  Corixidae
	
	
	
	
	

	     Trichocorixa (F)
	
	
	
	4
	

	  Veliidae (T)
	
	
	4
	
	

	
	
	
	
	
	

	Odonata (Dragonflies)
	
	
	
	
	

	  Cordulegastridae
	
	
	
	
	

	     Cordulegaster (T)
	
	1
	
	
	

	  Gomphidae (S)
	2
	
	2
	
	

	     Lanthus (S)
	
	5
	
	
	

	  Aeshnidae
	
	
	
	
	

	     Boyeria (F)
	
	
	1
	
	

	
	
	
	
	
	

	Coleoptera (Beetles)
	
	
	
	
	

	  Dryopidae (F)
	
	1
	
	
	

	  Dytiscidae
	
	
	
	
	

	     Uvarus (F)
	
	
	1
	
	

	 Elmidae 
	
	
	
	
	

	     Microcylloepus (F)
	6
	
	
	
	

	     Stenelmis (F)
	
	5
	1
	4
	

	     Optioservus (F)
	46
	16
	
	
	

	  Hydrophilidae (F)
	2
	
	
	
	

	  Psephenidae
	
	
	
	
	

	     Ectopria (F)
	16
	2
	2
	
	

	     Psephenus (F)
	8
	3
	1
	
	

	  Staphylinidae (F)
	
	
	
	4
	

	
	
	
	
	
	

	
	
	
	
	
	

	Lepidoptera (Caterpillars)
	
	
	
	
	

	  Noctuidae
	
	
	
	1
	

	
	
	
	
	
	

	Megaloptera (Hellgrammites)
	
	
	
	
	

	  Sialidae
	
	
	
	
	

	     Sialis (F)
	
	
	3
	
	

	
	
	
	
	
	

	Collembola (Springtails) (T)
	12
	3
	
	
	2

	
	
	
	
	
	

	Isopoda (Sow Bugs) (T)
	2
	
	
	
	

	
	
	
	
	
	

	Annelida (Aquatic Worms)
	
	
	
	
	

	   Oligochaeta (T)
	18
	48
	27
	
	

	
	
	
	
	
	

	Tricladida (Flatworm S)
	5
	
	
	
	

	
	
	
	
	
	

	Decapoda (Crayfish) 
	
	
	
	
	

	  Cambaridae (T)
	
	
	5
	
	

	     Orconectes (T)
	
	5
	
	
	

	
	
	
	
	
	

	Bivalvia (clams)* (U)
	1
	
	
	
	

	Total Individuals 
	316
	505
	233
	480
	187

	Total Taxa 
	23
	34
	18
	7
	9

	
	
	
	
	
	

	Sensitive Individuals
	17 (5.4%)
	326 (64.6%)
	8 (3.4%)
	8 (0.8%)
	68 (36.4%)

	# Sensitive Taxa 
	4
	14
	4
	1
	4

	
	
	
	
	
	

	Facultative Individuals 
	 182 (57.6%)
	50 (9.9%)
	15 (6.4%)
	16 (3.3%)
	6 (3.2%)

	# Facultative Taxa
	11
	12
	9
	4
	2

	
	
	
	
	
	

	Tolerant Individuals
	 117 (37.0%)
	129 (25.5%)
	210 (90.2%)
	456 (95.0%)
	113 (60.4%)

	# Tolerant Taxa 
	8
	8
	5
	1
	3



	* Not Included in abundance or taxa calculations.  For observation only.

( ) Classification of Pollution Indicator Organisms

(S) = Sensitive  (F) = Facultative   (T) = Tolerant  (U) = Unclassified


TABLE 4C.  Seasonal total abundances and sensitivities for benthic macroinvertebrates collected from Rocky Branch.  Argus Energy-WV, LLC., 

	TAXON


	Rocky Branch

	
	Fall 2008
	Winter 2009

	Insecta 
	
	

	Ephemeroptera (Mayflies)
	
	

	  Ameletidae
	
	

	     Ameletus (S)
	
	11

	  Ephemerellidae (F)
	
	1

	
	
	

	Plecoptera (Stoneflies)
	
	

	  Capniidae
	
	

	     Allocapnia (S)
	
	9

	  Leuctridae 
	
	

	     Leuctra (S)
	8
	

	  Nemouridae 
	
	

	     Amphinemura (S)
	
	7

	     Prostoia (S)
	4
	

	 
	
	

	Trichoptera (Caddisflies)
	
	

	  Hydropsychidae 
	
	

	     Cheumatopsyche (F)
	3
	3

	  Lepidostomatiidae (S)
	
	6

	  Limnephilidae (F)
	15
	

	     Hydatophylax (S)
	
	5

	  Philopotamidae 
	
	

	     Chimarra (F)
	4
	

	  Polycentropodidae
	
	

	     Polycentropus (F)
	
	1

	  Uenoidae
	
	

	     Neophylax (S)
	
	10

	
	
	

	Diptera (Trueflies)
	
	

	  Ceratopogonidae
	
	

	     Ceratopogon (F)
	9
	

	     Culicoides (T)
	20
	

	     Probezzia (F)
	4
	3

	  Chironomidae (T)
	43
	14

	  Tabanidae
	
	

	     Chrysops (T)
	
	1

	     Tabanus/Atylotus (F)
	15
	

	  Tipulidae 
	
	

	     Dicranota (S)
	
	2

	     Hexatoma (S)
	2
	2

	     Limnophila (F)
	28
	

	     Molophilus (F)
	2
	1

	     Pseudolimnophila (S)
	49
	2

	     Tipula (F)
	2
	

	
	
	

	Odonata (Dragonflies)
	
	

	  Cordulegastridae 
	
	

	     Cordulegaster  (S)
	3
	1

	  
	
	

	Coleoptera (Beetles)
	
	

	  Elmidae 
	
	

	     Optioservus (F)
	1
	

	     Oulimnius (F)
	2
	

	     Stenelmis (F)
	4
	

	  Psephenidae
	
	

	     Ectopria (F)
	11
	1

	
	
	

	Megaloptera (Hellgrammites)
	
	

	  Sialidae 
	
	

	     Sialis (F)
	3
	

	
	
	

	Hemiptera (True Bugs)
	
	

	  Corixidae
	
	

	     Trichocorixa (F)
	3
	

	  Veliidae
	
	

	     Microvelia (F)
	3
	

	
	
	

	Collembola (Springtails) (T)
	6
	

	
	
	

	Annelida (Aquatic Worms)
	
	

	 Oligochaeta
	
	

	  Enchytraeidae (T)
	3
	

	  Tubificidae (T)
	122
	8

	
	
	

	Decapoda (Crayfish)
	
	

	  Cambaridae
	
	

	     Cambarus (F)
	3
	

	
	
	

	Isopoda (Sowbugs)
	
	

	  Asellidae (T)
	5
	2

	
	
	

	Salamander (U)*
	3*
	

	Total Individuals 
	377
	90

	Total Taxa 
	28
	20

	
	
	

	Sensitive Individuals (%)
	66 (17.5%)
	55 (61.1%)

	# Sensitive Taxa 
	5
	10

	
	
	

	Facultative Individuals (%)
	112 (29.7%)
	7 (7.8%)

	# Facultative Taxa
	17
	6


	
	
	

	Tolerant Individuals (%)
	199 (52.8%)
	28 (31.1%)

	# Tolerant Taxa 
	6
	4


	* Not Included in abundance or taxa calculations.  For observation only.

( ) Classification of Pollution Indicator Organisms

(S) = Sensitive  (F) = Facultative   (T) = Tolerant  (U) = Unclassified


TABLE 4D.  Seasonal total abundances and sensitivities for benthic macroinvertebrates collected from Vance Branch.  Argus Energy-WV, LLC., 

	TAXON


	Vance Branch

	
	Fall 2008
	Winter 2009

	Insecta 
	
	

	Plecoptera (Stoneflies)
	
	

	  Capniidae
	
	

	     Allocapnia (S)
	
	1

	 
	
	

	Trichoptera (Caddisflies)
	
	

	  Hydropsychidae 
	
	

	     Hydropsyche (F)
	170
	169

	  Philopotamidae 
	
	

	     Chimarra (F)
	12
	

	
	
	

	Diptera (Trueflies)
	
	

	  Ceratopogonidae
	
	

	     Bezzia/Palpomyia (T)
	
	1

	     Dasyhelea (F)
	233
	234

	     Probezzia (F)
	
	2

	  Chironomidae (T)
	11
	9

	  Simuliidae
	
	

	     Simulium (F)
	45
	

	  Tipulidae 
	
	

	     Dicranota (S)
	
	1

	     Limnophila (F)
	
	11

	     Molophilus (F)
	
	8

	     Ormosia (T)
	
	1

	     Pseudolimnophila (S)
	1
	

	     Tipula (F)
	3
	

	
	
	

	Coleoptera (Beetles)
	
	

	  Elmidae 
	
	

	     Optioservus (F)
	3
	

	
	
	

	Collembola (Springtails) (T)
	1
	29

	
	
	

	Annelida (Aquatic Worms)
	
	

	 Oligochaeta
	
	

	  Lumbricina (T)
	3
	

	  Tubificidae (T)
	1
	

	
	
	

	Gastropoda (Snails)
	
	

	  Lymnaeidae
	
	

	     Fossaria (F)
	13
	

	  Planorbidae
	
	

	     Planorbula (F)
	3
	1

	
	
	

	
	
	

	Total Individuals 
	499
	467

	Total Taxa 
	13
	12

	
	
	

	Sensitive Individuals (%)
	1 (0.2%)
	2 (0.4%)

	# Sensitive Taxa 
	1
	2

	
	
	

	Facultative Individuals (%)
	482 (96.6%)
	178 (38.1%)

	# Facultative Taxa
	8
	3

	
	
	

	Tolerant Individuals (%)
	16 (3.2%)
	287 (61.5%)

	# Tolerant Taxa 
	4
	7

	* Not Included in abundance or taxa calculations.  For observation only.

( ) Classification of Pollution Indicator Organisms

(S) = Sensitive  (F) = Facultative   (T) = Tolerant  (U) = Unclassified


TABLE 5A.  Seasonal benthic macroinvertebrate metrics for Big Branch.  Argus Energy-WV, LLC. 

	
	     Big Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Metric 1.  Taxa Richness
	
	

	
	30
	38
	28
	43
	31

	Metric 2.  Modified Hilsenhoff Biotic Index (HBI score)
	
	

	
	3.60
	2.43
	4.00
	2.71
	3.49

	Metric 3.  Ratio of Scrapers to Collector/Filterers
	
	

	
	207 : 317
	103 : 14
	75 : 42
	207 : 121
	25 : 53

	Metric 4.  Ratio of Ephemeroptera, Plecoptera, and Trichoptera (EPT) to Chironomidae Abundances

	
	945 : 520
	1407 : 390
	517 : 657
	1339 : 285
	255 : 146

	Metric 5.  Percent Contribution of Mayflies
	
	

	
	0.9%
	1.4%
	0.2%
	1.3%
	9.8%

	Metric 6.  Percent Contribution of Dominant Taxa
	
	

	
	24.1%

Chironomidae
	33.2%

Amphinemura
	38.9%

Chironomidae
	21.5%

Prostoia
	31.1%

Chironomidae

	Metric 7.  EPT Index
	
	

	
	13
	19
	8
	15
	17

	Metric 8.  Percent of Shredders to total
	
	

	
	24.5%
	61.7%
	29.6%
	51.2%
	20.9%

	Metric 9.  Simpson’s Diversity Index
	
	

	
	0.87
	0.78
	0.81
	0.88
	0.85

	Metric 10.  Shannon-Wiener Diversity Index
	
	

	
	3.54
	2.86
	3.28
	2.61
	3.28

	Metric 11.  Shannon-Wiener Evenness
	
	

	
	0.72
	0.54
	0.68
	0.70
	0.65

	Metric 12. West Virginia Stream Condition Index (WV-SCI score)
	
	

	
	75.7
	86.4
	62.8
	81.6
	83.8


TABLE 5B.  Seasonal benthic macroinvertebrate metrics for Tomblin Branch.  Argus Energy-WV, LLC. 

	
	     Tomblin Branch

	
	Fall 2007
	Spring 2008
	Summer 2008
	Fall 2008
	Winter 2009

	Metric 1.  Taxa Richness
	
	

	
	23
	34
	18
	7
	9

	Metric 2.  Modified Hilsenhoff Biotic Index (HBI score)
	
	

	
	4.39
	2.78
	5.58
	5.87
	4.44

	Metric 3.  Ratio of Scrapers to Collector/Filterers
	
	

	
	68 : 4
	126 : 0
	2 : 0
	4 : 0
	0 : 52

	Metric 4.  Ratio of Ephemeroptera, Plecoptera, and Trichoptera (EPT) to Chironomidae Abundances

	
	14 : 54
	113 : 22
	3 : 85
	4 : 0
	24 : 106

	Metric 5.  Percent Contribution of Mayflies
	
	

	
	0.0%
	25.4%
	0.0%
	0.0%
	0.0%

	Metric 6.  Percent Contribution of Dominant Taxa
	
	

	
	17.7%

Tipula
	22.6%

Amphinemura
	73.0%

Chironomidae
	95.0%

Psychoda
	56.7%

Chironomidae

	Metric 7.  EPT Index
	
	

	
	3
	17
	3
	1
	4

	Metric 8.  Percent of Shredders to total
	
	

	
	27.8%
	30.1%
	4.3%
	2.5%
	11.8%

	Metric 9.  Simpson’s Diversity Index
	
	

	
	0.90
	0.89
	0.45
	0.10
	0.61

	Metric 10.  Shannon-Wiener Diversity Index
	
	

	
	3.78
	3.81
	1.69
	0.42
	1.81

	Metric 11.  Shannon-Wiener Evenness
	
	

	
	0.84
	0.75
	0.39
	0.15
	0.57

	Metric 12. West Virginia Stream Condition Index (WV-SCI score)
	
	

	
	54.0
	91.4
	36.9
	25.2
	33.7


TABLE 5C.  Selected benthic macroinvertebrate metrics for Rocky Branch.  Argus Energy-WV, LLC., 

	
	Rocky Branch

	
	Fall 2008
	Winter 2009

	Metric 1.  Taxa Richness

	
	28
	20

	Metric 2.  Modified Hilsenhoff Biotic Index (HBI score)

	
	4.73
	3.73

	Metric 3.  Ratio of Scrapers to Collector/Filterers

	
	7 : 3
	11 : 3

	Metric 4.  Ratio of Ephemeroptera, Plecoptera, and Trichoptera (EPT) to Chironomidae Abundances

	
	34 : 43
	53 : 14

	Metric 5.  Percent Contribution of Mayflies

	
	0%
	13.3%

	Metric 6.  Percent Contribution of Dominant Taxa

	
	32.4%

Tubificidae
	15.6%

Chironomidae

	Metric 7.  EPT Index

	
	5
	9

	Metric 8.  Percent of Shredders to total

	
	32.6%
	31.3%

	Metric 9.  Simpson’s Diversity Index

	
	0.85
	0.93

	Metric 10.  Shannon-Wiener Diversity Index

	
	2.47
	3.27

	Metric 11.  Shannon-Wiener Evenness

	
	0.74
	0.76

	Metric 12. West Virginia Stream Condition Index (WV-SCI score)

	
	61.5
	64.8


TABLE 5D.  Selected benthic macroinvertebrate metrics for Vance Branch.  Argus Energy-WV, LLC., 

	
	Vance Branch

	
	Fall 2008
	Winter 2009

	Metric 1.  Taxa Richness

	
	13
	12

	Metric 2.  Modified Hilsenhoff Biotic Index (HBI score)

	
	5.24
	2.47

	Metric 3.  Ratio of Scrapers to Collector/Filterers

	
	3 : 215
	1 : 169

	Metric 4.  Ratio of Ephemeroptera, Plecoptera, and Trichoptera (EPT) to Chironomidae Abundances

	
	182 : 11
	170 : 9

	Metric 5.  Percent Contribution of Mayflies

	
	0%
	0%

	Metric 6.  Percent Contribution of Dominant Taxa

	
	46.7%

Dasyhela
	50.1%

Dasyhelea

	Metric 7.  EPT Index

	
	2
	2

	Metric 8.  Percent of Shredders to total

	
	3.4%
	4.3%

	Metric 9.  Simpson’s Diversity Index

	
	0.66
	0.61

	Metric 10.  Shannon-Wiener Diversity Index

	
	1.37
	1.75

	Metric 11.  Shannon-Wiener Evenness

	
	0.53
	0.49

	Metric 12. West Virginia Stream Condition Index (WV-SCI score)

	
	44.2
	48.8


� Paper was presented at the West Virginia Mine Drainage Task Force Symposium, March 31- April 1, 2009.


� Randall R. Maggard, Manager of Environmental Compliance, Argus Energy WV LLC.  Rt. 1, Box 155, Dunlow, WV 25511


  Editor’s note:  Due the number and length of tables in this paper, some tables were not included in the proceedings.  They are available on the http//wvmdtaskforce.com website.
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